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(g) An atmospheric plasma reaction method and a device therefor. 



(sfs This invention provides an atmospheric plasma reaction method characterized by inducing a 
® mixed gTKrl^and reactive gas into a reaction vessel having a dlelectricM^t^ electrode 
Xrein^e surface 9 of two or men/ electrodes located parallel therewith are •« 
dielectrics, exciting said mixed gas of gases with plasma at atmosphenc pressure, then transporting the 
active species to the downstream of the plasma and treating the surface of a substrate. 
This invention also provides an atmospheric plasma reaction device. 
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AM ATMOSPHERIC PLASMA REACTION METHOD AMID A ©EVICE THEREF®& 



The present invention relates to an atmospheric 
plasma reaction method and the device therefor. 
More particularly, this invention relates to an atmos- 
pheric plasma reaction method and the device there- 5 
for wherein stable glow discharge plasma Is caused 
to generate under atmospheric pressure, and also the 
active species generated by this atmospheric plasma 
is transported to the downstream for treating the sur- 
face and/or forming a thin film on a large-size sub- 10 
strate. 

Conventionally, a film-forming or surface treat- 
ment method with low pressure glow discharge 
plasma has been widely known, and has found exten- 
sive applications in various industrial fields. As the 15 
surface treatment method with low-pressure glow dis- 
charge plasma, the so-called plasma etching method 
that an etching and a thin film formation are made by 
the ptasmatization of reactive gases including halo- 
gen atoms and silicon atoms, and the deposit method 20 
are known. 

Such plasma etching method and deposit method 
include etching of sflicon and oxidated silicon film with 
Freon gas and other carbonfluoride plasma in a 
vacuum container, and depositing of amorphas silicon 2$ 
film, oxidated silicon film or nitride silicon ram onto a 
sBicon substrate or glass substrate by plasma-excit- 
ing silane gas or a mixed gas of oxygen or ammonia 
gas therewith. 

However, the surface treatment methods of low- 30 
pressure glow discharge plasma as has con- 
ventionally been known, use reactions under vacuum 
of some 1x10- 2 - 1 Torr, and hence a device and 
equipment for forming these low-pressure conditions 
were required. It was also difficult to treat a large-area 35 
substrate and the production cost was inevitably high. 

One of the inventors to the present invention has 
already proposed a plasma reaction method for 
plasma exciting monomer gas introduced in a mixed 
gas with rare gas under atmospheric pressure and 40 
treating the surface of a substrate. He has put this 
method into application, achieving a surface with 
superb characteristics and functions. However, there 
was a limit to the treatment of surface even by this 
method, and particularly in the case where a gas is 45 
metal or alloy, are discharge occurred under atmos- 
pheric pressure, making the treatment difficult In 
addition, the treatment area depends on the area of 
an electrode, and hence it was difficult to treat a large 
area. so 

The present invention has been made consider- 
ing the aforestated circumstances, and is a further 
expansion of the method already proposed. It has an 
objective of providing an atmospheric plasma reaction 
method and the device therefor which can give 65 
plasma with reaction activity and stability under 



atmospheric pressure, without any ere discharge 
occurring even in the case where the substrate is a 
metal or an alloy or it is a large area substrate. 

This Invention provides an atmospheric plasma 
reaction method characterized by introducing a mixed 
gas of rare gas and reactive gas into a reaction vessel 
having a dielectric coated electrode wherein the sur- 
face of two or more electrodes located parallel ther 
with are provided with solid dielectrics, exciting said 
mixed gas of gases with plasma at atmospheric press- 
ure, then transporting the active species to the down- 
stream of the plasma and treating the surface of a 
substrate. 

This invention also provides an atmospheric 
plasma reaction device comprising a gas introducing 
unit for Intoduclng mixed gas of rare gas and reactive 
gas into a reactive vessel, a atmospheric plasma gen- 
eration unit wherein a dielectric-coated electrode 
where a solid dielectric is produced on the surfaces of 
two or more electrodes located parallel therewith is 
provided vertical to the substrate, and a surface-treat- 
ment unit for treating the surface of the substrate 
downstream of the plasma-generating region at the 
atmospheric plasma generation unit 

Fig. 1 is a sectional view illustrating one of the 

embodiments of an atmosphere plasma reaction 

device of this invention. 

Fig. 2 is a perspective view illustrating the struc- 
ture of a dielectric-coated electrode. 
Fig. 3 Is a perspective view illustrating another 
embodiment of an atmosphere plasma reaction 
device of this invention. 

Figs. 4 and 5 are correlation drawings which show 
the relationships between the etching speed of Si 
and Si0 2 at substrate temperatures of 100°C and 
20°C and the concentration of Q2 in CF 4 . 
Fig. 6 is a correlation drawing showing the rela- 
tionships between the etching speeds of Si and 
StQi and substrate temperatures. 
Fig. 7 is a correlation drawing showing the rela- 
tionships between the etching speeds of Si and 
SK>2 and the location of the substrates. 
In an atmospheric plasma reaction method 
according to the present invention and the device 
therefor, a mixed gas of rare gas with reactive gas is 
used, and dielectric-coated electrodes with which a 
solid dielectric is provided are located perpendicular 
to a substrate, and a surface treatment portion for sup- 
porting a substrate and treating the surface thereof is 
provided downstream of the plasma-generating por- 
tion of an atmospheric plasma generating unit making 
possible stable glow discharge and the surface-treat- 
ment of a large-area substrate. Even where the sub- 
strates a metal or an alloy, stable glow discharge can 
be obtained, and where it is a large-area substrate, 
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the surface treatment can be ensured. 

Detailed descriptions will be made as to the 
embodiments of this invention whfle referring to the 
drawings. 

Fig. 1 is a sectional view of one of the embodi- 5 
ments illustrating an atmospheric plasma reaction 
device of this invention. 

As shown in this example, the device according 
to the present invention comprises a gas introducing 
unit (3) for introducing mixed gas (1) of rare gas and 1 o 
reactive gas into a rection vessel (2) consisting of Tef- 
lon plate and which is kept at atmospheric pressure, 
an atmospheric plasma generating unit (8) wherein a 
dielectric-coated electrodes (6) with a solid dielectric 
(5) provided on the surfaces of two or more electrodes 1 5 
(4) are located parallel with each other is located per- 
pendicular to a substrate (7) and a surface treatment 
unit (9) which supports the substrate (7) downstream 
of the plasma generating portion of that atmospheric 
plasma generating unit (8) and treats the surface 20 
thereof with the active specifies generated. 

Generally, glow discharge will not occur readily 
under atmospheric conditions. Arc discharge is 
occured by applying high voltage, and hence it 
becomes difficult to perform the surface treatment of 
a substrate. 

In this invention, however, glow discharge under 
atmospheric pressures is made possible by using a 
mixed gas (1) of reactive gas with rare gas, locating 
dielectric-coated electrodes (6} with solid dielectrics 
(4) provided with electrodes (5) perpendicular to a 
substrate (7), and providing a surface treatment unit 
(9) for supporting the substrate (7) downstream of the 
plasma generating region of the atmosphere plasma 
generating unit (8). 

Even when the substrate (7) is a metal or an alloy, 
a stable glow discharge can be obtained, and even 
when it is a large-area plate, the surface treatment of 
said substrate can be ensured. There is no need to 
say that when the substrate is of ceramics, glass, 
plastic and rubber, stable glow discharge is ensured 
and a substrate of large area can be subject to surface 
treatment 

Fig. 2 illustrates the structure of dielectric coated 
electrodes (6) located in an atmosphere plasma 
generating unit (8) which excites a mixed gas (1) of 
rare gas and reactive gas under atmospheric press- 
ures. 

In this example, a total of four electrodes parallel 
plate ground electrodes (41) two pairs each provided 
parallel with each other are used. A high-frequency 
electric field is applied from a high-frequency power 
suply (1 1) to the high-frequency electrodes (42) via a 
matching device (10). The both sides of each of these 
electrodes (41X42) are provided with a solid dielectric 
field (5). The materials of the solid dielectric field (5) 
include glass, ceramics, plastic and other heat-resis- 
tant materials. 



A mixed gas of rare gas and reactive gas is 
excited with glow discharge using such dielectric-co- 
ated electrodes (6), generating high-energy plasma. 
The formation of this plasma is provided by the appli- 
cation of high voltage from the high-frequency power 
supply (1 1). The voltage applied at that time may be 
arbitrary depending on the property of the surface of 
the substrate and the time forwhich the surface is 
treated. 

There is no special limitation to the number of 
electrodes, but any number of two or more is accept- 
able. Nor is there any specific limitation to the mate- 
rials of the electrodes (41)(42). Stainless steel and 
other given material may be used. 

As illustrated in Fig. 1, a mixed gas (1) of rare gas 
and reactive gas is introduced into a reaction vessel 
(2) through a gas introducing port (12) provided on the 
reaction vesel (2), passes through a space (13) and 
is dispersed evenly at an atmosphere plasma 
generating unit (8). Gases from a reaction product, 
unracted portion of reactive gas and rare gas are dis- 
charged via an exhaust port (15). 

To obtain more stable plasma at atmospheric 
pressure, it is preferred to disperse and supply a 
mixed gas (1) of rare gas and reactive gas to the 
plasma generating region in the vicinity of dielectric- 
coated electrodes (6). For this reason, in this 
example, a multi-port plate (16) is also provided. 

At a substrate support (14), a temperature sensor 
(1 7) which measures the temperature of the substrate 
(7) of a thermocouple, a heater (18) for heating the 
substrate (7), and a water-cooled pipe (19) for cooling 
the substrate (7), are also provided. These means 
may be arbitrarily provided. 

There is no specific limitation to a mixed gas (1), 
but as rare gas to be used, He, Ne and Ar can used 
singularly or in combination with other substances. To 
prevent arc discharge and provide stable glow dis- 
charge, ft is preferred to use He, a gas with light mass. 
For reactive gases to be introduced In combination 
with rare gases, silicon hydrogases such as silane 
(SiHi) and disilane (Si^e) or halogenated hydrocar- 
bon Including CF 4 , C 2 F 6 , CHF 3 or SF 6 and hydrocar- 
bons with or without other functional groups may be 
used arbitrarily. Reactive gases with multiple species 
can be mixed and used for that application. Further- 
more, depending on the reactive gases to be used, 
halogen, oxygen, and hydrogen may be added to the 
mixed gas to accelerate a reaction. There is no speci- 
fic limitation to the mixing ratio of rare gas with reac- 
tive gas, but ft is preferred to make the density of rare 
gas about 65% or higher, especially 90% or higher. 

When these gases used for a reaction are 
released into the atmosphere, there are some cases 
where they will cause safety problems including fire 
and undesirble effects upon the human body. In order 
to avoid this cases, ft becomes necessary to dotoxify 
these gases. Since the gases such as He are expen- 



30 



35 



40 



45 



50 



3 



951 A2 



sive, it is prefered to collect them for reuse. Given 
these, the device of this invention can be covered with 
a separate container (21) from the reaction vessel (2) 
which is used to isolate a plasma reaction system 
from atmosphere. Using a pump and other approp- 
riate exhaust means connected to the isolation con- 
tainer (21), the pressure inside can be reduced to 
approx. 0.5 to 0.1 atmospheric pressure. The dis- 
charge mechanism for this is identical to that under 
atmospheric pressure. 

According to the type and reaction conditions of 
reactive gases to be used, plasma polymer fBm, 
deposit film, plasma treatment film or plasma etching 
surface can be obtained. 

Fig. 3 is a perspective diagram of another 
example of the atmosphere plasma reaction device of 
this invention. 

In this example, a pair of dielectric-coated elec- 
trodes (6) with a solid dielectric (5) provided on one of 
the sides of the electrodes (4) and longer in the cross 
direction of a substrate (20) are provided inside a con- 
vex reaction vessel (2), so that the substrate (20) is 
scanned in the directions of an arrow (x) and/or an 
arrow (y). This ensures that if the substrate (20) is a 
large-area substrate, the surface can be treated. 
When this device is used for surface treatment, it is 
preferrd to scan the substrate (20) in both directions 
of the arrows (x)(y) to provide more evenly treated sur- 
face. 

In this case also, to prevent the gases from dis- 
persing into the atmosphere, the whole device can be 
covered by an isolation container different from the 
reaction vessel (2). With an appropriate exhaust 
means such as a pump, the internal pressure can be 
reduced to approx. 0.5 to 0.1 atmospheric pressure. 
The discharge mechanism for this operation is similar 
to that under atmospheric pressure. 

Now, Description will be made as to the specific 
examples of surface treatment 

Treamtment Example 1 

In a device as descried in Fig. 1 wherein four plate 
electrodes with a shape of square having a 30 mm 
side are used, and glass plate-coated electrodes, 
located parallel with each other in a clearance of 4 
mm, were provided at an atmosphere plasma 
generating portion, 1 cm 2 single crystal silicon (100) 
and thermally oxidated fOm were provided 1 cm apart 
from the bottom of the dielectric-coated electrodes. 
These substances were heated to 100°C to vary the 
concentration of 0 2 Into CF 4 for plasma etching. The 
total flow of CF 4 + O2 was kept constant at 25 seem, 
and the flow rate of He at 4 x 10 3 seem. A high-fre- 
quency power at 13.56 MH 2 was set at 70 V. The 
result is show in Fig. 4. 

The single crystal silicon and thermal treated film 
were subject to etching. The etching speed was 



approx. 2.5 heat (CF 4 * O^iOz ratio, i.e., it was con- 
firmed that when CF* was approx. 30 cc and O2 was 
some 70 cc, the silicon (S1) and the oxidated fOm 
(S1O2) attained the maximum etching speed. 
5 During the etching operation, no arc discharge 
occured, and glow discharge ocurred under stable 
atmospheric pressures, giving highly active plasma. 

Temperature Example 2 

to 

Under the same condition as In Example 1, 
except for setting the temperature of the substrate at 
20°C, a single crystal silicon and thermally oxidated 
fflm were subject to etching. The result Is show In in 

15 Fig. 5. As is shown by a comparison with Fig. 4, it was 
found that the etching speed of the silicon (Si) does 
not change greatly with substrate temperatures, but 
that the etching speed of oxidated fflm (SiO^) dec- 
reases substantially, improving the selection ratio of 

20 Si/Si0 2 more than 15 times. 

Bn this case also, no arc discharge occurred and 
glow discharge occurred under stable atmospheric 
pressures, giving highly active plasma. 

25 Treatment Example 3 

Keeping the flowrate ration (CF 4 * O^/Oa at 3 and 
varying substrate temperatures, the etching speed of 
a single crystal silicon and thermally oxidated fflm 
30 were observed. The result is indicate in Fig. 6. 

The single crystal silicon and thermally oxidated 
film was subject to etching. As is evident from Fig. 6, 
it was confirmed that the selection ratio of Sl/Sl0 2 
became enormously larger as the substrate was 
35 cooled. 

In this case also, during the etching operation, 
glow discharge occurred, giving highly active plasma. 
No arc discharge occurred. 

40 Treatment Example 4 

Under similar conditions as in Example 3 and 
varying the location of the substrates with regard to 
dielectric-coated electrodes, the etching speed of the 

46 sSicon (Si) and thermally oxidated film (SiO^ was 
observed. The location of the substrate in this case 
was further apart from those in Example 1 to 3. 

It was determined that the etching speeds of both 
the silicon (Si) and thermally oxidated film (S1O2) dec- 

50 rease as they are more distant from the dielectric-co- 
ated electrodes, but that an effective etching speed 
was achievable even when those substrates are 3 cm 
distant from the electrodes. 

The present invention is not limited to the above 

55 examples. Various configurations can be realized 
depending on the geometry, size and material of a 
reaction vessel, the construction and structure of a 
dielectric-coated electrode, the type and flowrate of 
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rare gas and reactive gas, the quantity of applied 
power, substrate temperature, and the location and 
distance of the substrate from the dielectric-coated 
electrodes. 

When the pressure inside the container Is to be s 
reduced for the exhaust and disposal of reactive gas 
and reaction production and the collection of He and 
other rare gases, the discharge machanlsm become 
similar one under the atmospheric pressure. 

As has been described in detaB, this invention 10 
makes unnecessary the device and equipment for the 
formation of vacuum systems, reduces cost, and 
achieves surface treatment under the atmospheric 
pressures, as compared with the conventional low- 
pressure glow discharge plasma reaction method. 1$ 
Since the structure and construction of the device are 
simple, it becomes easier to perform surface treat- 
ment of large-area substrate. The desired surface 
treatment can beobtainted regardless of the materials 
and size of the substrate. 20 



Claims 



1. An atmospheric plasma reaction method charac- 2s 
terized by introducing a mixed gas of rare gas and 
reactive gas into a reaction vessel having a 
dielectric-coated electrode wherein the surface of 

two or more electrodes located parallel with each 
other are provided with a solid dielectrics, exciting $0 
said mixed gas of gases with plasma at atmos- 
pheric pressure, then transporting the active 
species to the downstream of the plasma and 
treating the surface of a substrate. 

35 

2. An atmospheric plasma reaction method as des- 
cribed in Claim 1 wherein the surface of the sub- 
strate is treated with reactive gas having halogen 
atoms. 

40 

3. An atmospheric plasma reaction device compris- 
ing a gas Introducing means for introducing a 
mixed gas of rare gas and reactive gas into a 
reactive vessel, an atmospheric plasma gener- 
ation unit wherein a dielectric-coated electrode 45 
where a solid dielectric is produced on the sur- 
faces of two or more electrodes located parallel 

with each other is provided vertical to the sub- 
strate, and a surface-treatment unit for treating 
the surface of the substrate downstream of the so 
plasma-generating region of the atmospheric 
plasma generation unit. 

4. An atmospheric plasma reaction device as des- 
cribed In Claim 3 wherein an isolation vessel is 55 
provided to reduce the pressure to 1/10 atmos- 
pheric pressure. 
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@ An atmospheric plasma reaction method and a device therefor. 

(§7) This invention provides an atmospheric plas- 
ma reaction method characterized by introduc- 
ing a mixed gas of rare gas and reactive gas into 
a reaction vessel having a dielectric-coated 
electrode (6) wherein the surface of two or more 
electrodes located parallel therewith are pro- 
vided with solid dielectrics (5), exciting said 
mixed gas of gases with plasma at atmospheric 
pressure, then transporting the active species 
to the downstream of the plasma and treating 
the surface of a substrate (7). 

This invention also provides an atmospheric 
plasma reaction device. 
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